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Abstract

In order to study the effectiveness of the current deep learning-based speech
recognition models in the speech recognition tasks of Taiwanese Southern Min
Recommended Characters and Taiwan Minnanyu Luomazi Pinyin, this study uses
the corpora provided by the 2020 Formosa Speech Recognition Challenge 2020
(FSR-2020) to evalutae some neural-based ASR systems by ESPnet and Kaldi
toolkits. In the end, our system achieved a 66.1% error rate in the Taiwanese
Southern Min Recommended Characters recognition (Track2), and the error rate
we got in the Taiwan Minnanyu Luomazi Pinyin recognition (Track3) was 28.6%.
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1. 4&3% (Introduction)

2 if(Taiwanese) )i 22855 ~ 2B FEE - E2EMEH S NREE (K3
HF B R EEEBERAYEE > F13Z(Mandarin Chinese) 2 HU S BERE - BIFEERE ~ &
FeB R B2 FEREE » BROREE B ERAVEBES < 28 sednfliE FHEs
SEY NBURE TR - DU & BB SCAH @ 58 = 1R Ay T AF R F5 12 (Intergenerational
Language Transmission)zZk7E » Z:EC R E HHE (Definitely Endangered) (F5/NZAH
MR FNEIEEREE—REEH LSS ) E2REHE (AAHCEEEZE—FENA GG
BE  REE A TREER - EAgE/NMZER) 2 - JHib AR/ NEAFEE
et 2 - ZEaBiiA ATREE 2T R i R Fe AR ORAR (Extine) HYEE = -
AR AR ERE N ELEE - {E56 5 Ha#k(Speech Recognition)<iisHy » R SLE 5
Rt R R - fERF S BRI L R ORI EG A B E TN
PR - sEEPERE R EANMEREA S o sERAVEEEE (Labeling) i 2 /EG & L - 2358
RN ETERES - BIEAREEN A TR - SR EIIAE S - Kt
U TEREE S PRI SR > SRR (Low-resource) 2 2 M EUREAVRRE » B
s ZaEoUb o JLRERERB T & EEH sk EE (Taiwanese Across Taiwan corpus, TAT
corpus) (Liao et al., 2020)if 2 T =55 35 % Y% 5% £ (Formosa Speech Recognition
Challenge 2020, FSR-2020) » EEZEIH H Rl 93 Fs = RHARY - o3 Al Kol S ah st B Bt s fo B
BE S Hy Trackl (RIENERER ) - DAURGRFE RS R Z S0 Track2 BLED BRI h 48 5 7
PFEHY Track3 » fEE(EWTFEF - FAMTDURF Z 56 Ry 2= 50HY Track2 B2 & pE sE 4 -
PHERY Track3 (ZEETH - N EREEFHFHE D) RAFTIE - E5UEN H AT R 2 In
I (End-to-end)sE & Wik g3 1T = 5ERE S Wk 2 AEA5 -

2. 7575 (Methods)

i

2.1 BE2: EHEE, (Track2: Taiwanese Southern Min Recommended
Characters Recognition)

FA AT AT eE B Ml AR RS > B EhRE S iaes &35 = (Watanabe et al., 2017,
Gulati et al., 2020; Dong et al., 2018) - {£5F % EFHEE L #EF| L E GBI E FaIpcR - i
DRI FE 78 26 7 VA 2 M B T &R AR U R (o4 R =0 RS 7T 5% (Hidden Markov Model,
HMM)f A (Bahl et al., 1986) ) - (L » FEAHHFE G - FRAFI PR A B 7Y 45 0 e o0 ME
(Connectionist Temporal Classification, CTC) DL K 3 & J71#%H( (Attention Mechanism)i & &
ZufE(Watanabe et al., 2017; Watanabe et al., 2018) » £ ERHIE S YR EAI N E BT
s IR @
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2.1.1 fEAEIZERE (Model Architectures)

Fed BRI B At ¥ b of 5 PSS ALY R4S - B CTC LUK Attention HY)R G54
(Hybrid CTC-Attention based Models) (Watanabe et al., 2017) » 3 {sf FH i 2 E S BRI T
E. ESPnet(End-to-end Speech Processing Toolkit) (Watanabe et al., 201 8)#{TE{F - ESPnet
A AR SRR S W ~ 5B G RCE (LR - (R 7 ESPnet £24L T 1R 2 &L By R (it
B s > 40 ¢ Transformer (Watanabe et al., 2017; Vaswani et al., 2017; Dong et al.,
2018)~ Conformer (Gulati et al., 2020)~ RNN (Elman, 1990; Hochreiter & Schmidhuber, 1997;
Cho et al., 2014)55 284#% ; {ERERITE GV A HEREAEZS A Pytorch Kz Chainer R{E i 4% mT fik
B ERE S RHEHIR L T - (A Kaldi ZREEHGEE B R R SR — (8 E R AV BHIREES -
ESPnet thF2{ik T 5725 ahE Piak & Rl 4E 2 sl A (41 AISHELL ~ Librispeech ~ WSJ
%) o HELE ESPnet - BT LUFE B & (BB AR 2 — B R ARSI 2048 » ] DUELL
FGIRIAS - U AT LA ORI R RS SR — B 0 sE E Hes -

Output
Probabilities
Encoder
Outputs @ %
S r— [ lnear |
| layerNorm |
| LayerNorm |
= Lo b di iy
\ e 1
_____ S i o
| Feed Forward
Networks | Feed Forward
~F Netwarks
[ LayerNorm | e —
| LayerNorm |
Ny x b5
Multi-Head
Attention
L Ny x
|_LayerNorm | | LayerNorm |
Positional
Encading @ ¥ Masked
kpist Multi-Head
Encoding Attention
o e
Conv/z rRell | | (taverNorm | ||
“Conv/2+Relll | “Positional
Output Encoding
Inputs Encoding

Outputs

B 1. ESPnet 247 Transformer /2055 /E -
[Figure 1. Model architecture of the ESPnet.]

1 R3eMER AT ESPnet ZEHE[E - [E 75 J7 4R 1 &5 (Encoder) 45 7 F i b5 25
(Decoder) - HZaf#E 7T #R 22 H B2 Speech Transformer (Dong et al., 2018)RUHEL » FEAERILE
misEs v E S A0 R CTC WA - {E4RiGESETST > ESPnet $R{L T & &gk
HEPSIEAE (LBEEE - W1 - PR BUR G IR A RS F > THERIE T ESPnet &
A T A R 2 G TR Y A GE = SR AR T [ 40 1 13 2 B Transformer fl B HH =5 Jg 2 HY
FoNE o IR i —{E S g A R B SR B R R SR AE I o R A 0 A
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e 46 Transformer RS SSIYEEET @ S iF4m AR o3 1Y L (R 2 A5 2% (F Ruffhihes 2
(@28 F = 1 (Multi-Head Attention) /& H (198 {E (Key) K (& (Value) - {E il e i A5y
ESPnet 2k T —/% % A& (Embedding) ke 4= 7843 g (AL A 38 5 15848 » L5y £ 22 FH2IORE
ISR ERMEER AN MY E T s bR B DUFEEITRENES - K% ESPnet
&R SR E R S ST TR B T /B (b (Label Smoothing) - P32 51 F AR s s ) B 4
R B (KL Divergence)siz » DIFIFAAIE IR G TS B HHEEA -
FHHHEHT > ESPnet fE3/II4RHF - & CTC sRzE LO° BAfRISS3nIMEEMaRZE Lo &
S o EITAMEREE
L=aL" + (1 - o)L (1)

MERHEZEIEE o HESEE T ETHEN2E > REGHHHEINBERITERER
STTRB N SERTIE Ay 228 0 THNIPE B ESPnet {#11] Beam Search iy 7 =UETA#HS - A H.
FEAAHE P B AT 5 T ] RNN 5B = R A2 B AL R 77 FEOHI -

2.1.2 ROVER

SR RS A T DUE HEF 2 07 AR B A LR 45 5 (I3 2 B B 4 R e e (R e
B I T AR B LRIV RIE - TR R & S EE R TSR - A A E T
SEoTHRAR AR E B R B R o IRIBE > (EARIASEH > B & Seslllef T 31 2 R [E1 284
B S BRI 1% > B A ] ROVER(Recognizer Output Voting Error Reduction) (Fiscus, 1997)
A TR T (H A5 SR T TR S - ROVER B2 5 BRI B W o0 U AR AR A E B & Y
Bt o AR R FUNAE LAY $EER 2 - [ 2 iy ROVER AR EHE -

Alignment Voting Best Scoring
Module Module Transcript

[& 2. ROVER 245 ~ElE -

[Figure 2. System diagram of the Rover.]

ROVER H Ry AIEAHFTEH AR » o7 Al Ry A5 4H (Alignment Module) DLk £ ZE 15 4H (Voting
Module) ¥R IEAH € K 58 HEalk 2 4R AR NV4E SR TEPEY B S g — (i (2
HEFHE—ET 0 2 1 ZE0YE 05 #(Confidence Score) » {07780k 0 g H T
fafE0 0 1 AIRTRATENE L - &k BEEEEHE =ERES  ahilR5E e
ez A (Word Frequency) 7 TH 2 ~ [E]F 5 e Gal A B 295 Lo o DL R S e R AR B i 1= {5
D BEETTE o TEARMSEH » FRAMME L SEAEE R SRS -
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2.2 BE3: BEEPIEMER (Track3: Taiwan Minnanyu Luomazi Pinyin
Recognition)

FEEEEHEE T AVFERIE S A Kaldi 53R T 5169 HMM-TDNN JR &
PL Tedlium (a1 R BB (e 3 5 A T DU 28 5 5 #5478 (4-gram) i RNIN 55 &5 LA 7T 7
TEEER - BIUAUSEAE 3 Fros -
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& 3. HMM-TDNN (22 (&5 -
[Figure 3. Model architecture of the HMM-TDNN.]

3. & (Experiments)

3.1 ECHsk (Taiwanese Southern Min Recommended Characters
Recognition)

1F Track2 FYE SR (EHS b FeAfI{EH ESPnet AT fit 2 Ky CTC LUK Attention fY)R
GIEREITESCHER > i AGES [ H 80 4EHY Fbank » BERIARIEESH 12 Jg Transformer 45
HEERFTAHRY (Ne=12) - ARG RSAIH 6 J& Transformer 23 (Ng=6) » ZFEET
eI EE A 4 E head > Transformer iy FEN 4[5 £y 2048 352 (BB S BEE o B
0.3 > Dropout FL#E%7E £y 0.1 > E2EHE(L 25 PR FE MR AR AL 5 E B A (Adam) B AL ET T 25
B o A% 50 [ Epoch » {5 Beam Search JEEDATEMES » Beam Size 3% 5 10 » 325
EERIREETHEL By 0.7 - BEEaDL FUlies & R Bl E w218 A (B Y 4R B 35 E 2R D = e
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£ FSR-2020 G AR T —BAAAUR BNHIH ISR ERHTAT-Vol 1) E £ B 10%H &
H%%JJ*FE%“ZS%?%%E@ MEEE » BT RAERIF ML R EARR L > Pilot-test JHIE
BRI AGNSE R ET - AAEE ISR RIER U F iabi s BB~ 1.5 &
EEHEZER - ARG EEUAEE S - HerE R A Rl sRE R EA
W BB ANA Pilot-test HIsE LA 258 Gl SeE R & RHE ST E S
RIS ERER L FTR -
1. ERIEGE B
[Table 1. Statistics of the dataset]
ElEE izt
\ Jl%ReE | 13,933
7 Mg | 1740
B
e 1,728
FIskEE | 134,678 | VI EERIISHEEIN B A EZRES 120,745
A
B FHgE 5 1,740
HE 1,728
. W E R SREEND A Pilot-Test JHIEEER! 2,664 B/ 2
s SllEcEES 132,142 SEZ0 115,545
" | A% 4340 | WP EEFZEEMANEEZES 2,600
M 4328 | U EBNEEINAAHEZFES 2,600

VI EEENSERANFE 2 Fn o (B Transformer Z2REr SRS ol E M6 22 %]

21.7%MF

TTEEER2R(CER) » {8 F 7Ez/|4k (Pre-train) > AISHELL-1 Ei Librispeech &
£ (LT REAL) mIEA 2 E0ETHEE (Fine-tune){% -

&t
TE MG S RAYSE R ] N E

16.5% - /0 LR S (Speed Perturbation) i #E—20 £ 15.3% - LEAME{E A T 674

4t%(Byte Pair Encoding, BPE) % BL{r e 7T 48 - $as

HKATH FEZE 14.9% » AR

8L Pilot-test Z 5 - 1 Pilot-test Frlil{5 2 #RR fy 25.22% -

K 2. FIEBRERES FITHR#CER)

[Table 2. Character error rate (CER) on the preliminary dataset.]

A Fr M
Transformer Model 21.8 21.7
Pre-train Model (char) 16.0 16.5
+ Speed Perturbation 15.0 15.3
Pre-train Model (BPE) 14.7 14.9

FREEF T EIRME
SRHE)

B AR EE G SRR E
o=

ER A R S 1 R (B o A B

SERWFE 3R > HPREFRMIRVOIS EERT - (8 AR BB B A 6 4
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HETHAI SR AR Z R - FrLUE S B SR TRE I A S IR 5 sUAET TRl
K 3. FHIEBRERE S F TR CER) -

[Table 3. Character error rate (CER) on the intermediate dataset.]

TR Bt HIEAEE
Transformer Model 16.0 16.3
Pre-train Model (BPE) 14.8 15.1

BHENARZBE I MEER n e A2 S B E 55— FaE B avsl SEE R =
B K > HILRAER PO AREZE SIS Z R TR SR E
o (AIR&ERENSE) - R 4 BRERT > BMEAFARELEMBER CRETTE
Sk HoR AR EE) ) - nJ830 Transformer Z2REMYRIA LS RNN 2B EFEZ
ifi &4t > Conformer ZEREH SEFE/SEL Transformer ZERETE 47455, > R %8 Conformer
ZE R EE I By )| SR R & L Transformer ZEREARAVEE X -

F A REETREREZ F T CER) -
[Table 4. Character error rate (CER) on the final dataset.]

AL GRS S
Transformer 26.4 26.4
Conformer 25.8 25.6
RNN 29.2 29.5

B > IAMLL Transformer #5785 3 > PN _E DA~ 6 S 4R 085 By BE AL 1T THAN SR
AISHELL-1 1 Librispeech &L » i HAE FEMIRF AR R EE S HAIREE 451N 5
R - BEGEREUR > S BAEER 0.2 B o558 Foolsr®g 20.8% iR E -
Feffttbi 7 Conformer Z2 %8 Transformer ZE 71 A HEL T FH N SR AT A (5 FH SR 2R BB Y
?dﬁ%ﬁ EERERAFE 6 A - TMEB T EREERER 0.1 B o] DUESRIFIIGER

HEESHAREEN R b5 VS RIEE T -

72 5. Transformer HZEFH 1 G55 S 1R #EE 2~ F i 4%CER) -

[Table 5. Character error rate (CER) for Transformer model with different
language model weights.]

SRS IR M 125 M
0 20.9 21.2 9.9
0.1 20.6 20.9 9.6
0.2 20.7 20.8 95
0.3 20.8 20.9 9.6
0.5 21.6 21.7 9.9
0.7 24.5 24.3 10.6
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7 6. TR E/ T 5E S 1R E ~ For a5 CER,) -
[Table 6. Character error rate (CER) for Transformer model and Conformer model
with different language model weights.]

Transformer Model

AR GRS A
0.1 22.4 22.4
04 24.1 23.9
0.7 26.4 26.4

Conformer Model

i o AU E FEEEEs g
0.1 234 23.2
0.7 25.8 25.6

BRI T 2 EER - AR E sl Hh = E s A DL ROVER 454 >
AE SR AV4E S - [0 IR G4 © [0 (o0 A THE) | SR B RE B 8 2 Transformer f570
fE( HEE 2 EEh . Transformer 8 ~ SR{f HEE2E#EE) 2 Conformer 58 » K7 ROVER
FEAE 2 GERAT SR BT sssRa v] MR 20.3% - A Final-test results FR{FEEFEACFR
AERTRENER (HIRESHEMEER 0.2) fER X21 > DUK#H ROVER &R FH
HIHIEEFAE Fy X220 ot X21 Bl X22 i 245 £ 1% Final-test th 43 HIJELS: 67.7%E1 66.1%
HIFTTEH AR -

3.2 EEBZHHE (Taiwan Minnanyu Luomazi Pinyin Recognition)
EZEPTEPEROER L AL BRI BRI SR - PSS SR ELlAsE > H
GatERHNFR 7 FR 5 sEE WEREAER A Kaldi 2 HMM-TDNN JE A8 Sifi {88 F /Y 8
sh S A (4-gram) 81 RNN GBS 1Y - RIAE E ER4AE R A2 8 Fior « EER&E A > Baseline
FEAL Ry {50 P MR B A $R (it > BSR4 HET TR/ 4R - {F Final-test o » oM ARFHTFITHaRA
Ry 28.6% » BRI SRIFHI R — B0 - ATRERY R A2 R B Track3 r ik I A 255
f - REEHEERE  HHEAT TAT-Voll #1734k » Mt BRI Eaa S
HHEES B HAFIEE - I BRI S TR MR - A EER D
B2 AEMAATEIET - FRFHE Final-test 32 A 1E1G 47 I 2 AV R -

1. EFESE & -
[Table 7. Statistics of the dataset.]

=R =

Bl E
BllECES 18,101
B2 4E 2,282
Mg 2,218
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728, EEHEWEH TS CER) -
[Table 8. Character error rate (CER) for Track3.]

fHAY GRS e
Baseline 4.97 6.13
N-gram LM 2.77 3.75
RNN LM 2.85 391

4. %53 (Conclusions)

FEZSCHRERAY Final-test > BAFIFTS-EIAVEERAR Fy 66.1%(X22) ~ 67.7%(X21) - BLHEALE
BT IR PR S 2SI > TS EIHYSEER F 28.6% - 12
EHIZ2 Final-test FYEZAE A343R - WETE Ry Final-test iy S fEBLHI[ R &R EE =R
BORFTEEL  Jepi ke S8 2 Ry it s AT B BRI BN R B A 55k - 1T Final-test
FHENEAERE - 2 AHEE > ARERE AR SRR T BB/ NIMEE - BT
SRR > RS IS LR IR AR T R B - A RO 25 B SRR R
I > AT LB SIS R R -
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